Summary. Morphological characteristics of TSH-immunoreactive cells (TSH-like cells) in the pars tuberalis (PT)
of intact adult male rats were studied by light and electrom microscopic immunocytochemistry.
TSH -like cells in the rat PT can be classified into three types by light microscopy: 1) cells diffusely stained thronghout the cytoplasm, 2) diffusely weak stained cells containing a strongly stained spot in the paranuclear region; 3) cells with a strongly stained spot in the paranuclear region without diffuse reaction. We call the latter two cell types "spot cells". Electron microscopic immunocytochemistry revealed that the latter two cells reacted very strongly in the Golgi apparatus. The spot cells were localized throughout the PT from rostral to caudal extremities as well as the ventral surface area of the pars distalis (PD) which was connected to the PT. The cytoplasm of the TSH-cells in the PD proper was strongly and diffusely stained with anti-TSH serum, while there was no spot-like staining in any cells. The spot cells demonstrated by electron microscopy contained a well developed Golgi apparatus, many microvesicles and a few secretory granules. These immunocytochemical results clearly showed two apparently distinct types of TSH-immunoreactive cells between the PT and PD in the intact adult male rat adenohypophysis. This morphological distinction of TSH-immunoreactive cells suggests functional differences in these cells.
As is well known, the mammalian adenohypophysis consists of three parts, i.e. the gars distalis (PD), pars tuberalis (PT) and pars intermedia. Among these parts, the PT is most closely associated with the median eminence which is an adenohypophysisregulating part in the hypothalamus, thereby implying a close functional relationship between the PT and the hypothalamus. However, very little knowledge of the function and regulation of the PT has been acquired. Many investigators have demonstrated that the cell composition of PT is different from that of PD: mammalian PT generally consists of gonadotropes and thyrotropes and is lacking in other pituitary cell types (DELLMANN et al., 1974; BAKER and YU, 1975; OSAMURA and WATANABE, 1978; FITZGERALD, 1979; GROSS, 1984; GROSS et al., 1984; STOCKEL and PORTE, 1984) . GROSS (1984) demonstrated by immunocytochemistry that rat PT cells are mostly thyrotropes (95%), while the rest are gonadotropes (5%). Ontogenetic differences are also found in the secretory cells of the PT and PD. Immunocytochemically demonstrable pituitary cells appear in the PT prior to the PD in pituitary primordia (STOCKEL and PORTE, 1984; NEMESKERI et al., 1988) .
Recently, the localization of a melatonin-binding site in the PT has been reported in many species (VENECEK et al., 1987; VENECEK, 1988; WILLIAMS and MORGAN, 1988; WILLAMS, 1989; WEAVER et al., 1989; WEAVER and REPPERT, 1990; MORGAN et al., 1989; STANKOV and REITER, 1990 ) and photoperiodic stimulation has been known to influence the secretory activity of TSH-like cells in the PT of the hamster (WITT-KOWSKI et al., 1984) . These data support the idea that the PT is regulated by melatonim (WITTKOWSKI et al., 1984 (WITTKOWSKI et al., , 1988 
MATERIALS AND METHODS

Experimental animals
Intact adult male Wistar strain rats weighing 200+20 g were used in this study. They were maintained under a 14h light 10h dark photoperiod cycle with the light on at 05:00h and off at 19:00h, with food and water provided ad libitum. The animals were killed under light ether anesthesia and tissues were fixed at 13:00h-16:00h.
Light microscopic immunocytochemistry
The rats were divided into two groups. The pituitaries and the hypothalami were quickly removed from one group and immersed in Bouin-Hollande sublimate fixative for 2 days. The animals of the other group were perfused with the same fixative for 10min and also immersed in the same fixative for 1 day. The tissue samples from the two groups of rats were used for preparing sagittal frontal sections, respectively. After fixation the tissue samples were dehydrated with an ascending ethanol series, and were embedded in Paraplast. Thick serial sections, 4um thick, were made and mounted on gelation coated glass slides. Tissue sections were then stained by immunocytochemistry by the horseradish peroxidase-antihorseradish peroxidase (PAP) method (STERNBERGER et al., 1970) for identification of TSH-like cells. The antibodies used in this study were rabbit anti-rat TSH-J subunit (TSH S-1) supplied by NIAMDD Rat Pituitary Hormone Distribution Program or rabbit anti-rat TSH supplied by Dr. WAKABAYASHI of the Hormone Assay Center, the Institute of Endocrinology, Gunma University. The working dilution of TSH S-1 used for immunostaining was 1:2000 and that of the anti-TSH serum was 1:15000-1:25000. The specificity of the antibody has been described elsewhere (KAWARAI, 1980; WAKABAYASHI and TANAKA, 1988) .
Electron microscopic immunocytochemistry
In order to investigate the ultrastructure of PT cells, ether-anesthetized animals ware perfused via the ascending aorta with a mixture of 1% glutaraldehyde, 4% paraf ormaldehyde and 0.1% picric acid in 1/15M phosphate buffer (pH 7.4). The tissues were post-fixed with 1% osmium tetroxide in 1/15M phosphate buffer (PB) with 7% sucrose for 1h at 4t, dehydrated through a series of ascending concentrations of ethanol, and embedded in a mixture of Epon and Araldite. Ultrathin sections were made with a Reichert ultra-microtome fitted with a diamond knife and stained with uranyl acetate and lead citrate, then examined with a JEOL 1200EX transmission electron microscope with 80kV accelerating potential.
For electron microscopic immunocytochemistry for TSH, the animals were perfused with a fixative containing 0.1% glutaraldehyde, 4% paraf ormaldehyde and 0.1% picric acid in 1/15M phosphate buffer for 15min. After perfusion fixation, the PT was removed and postfixed in the same fixative without glutaraldehyde overnight at 4t. The tissue samples were subjected to electron microscopic immunocytochemistry by a modification of the pre-embedding method described by ToUGARD et al. (1983) . From fixed samples of the PT attached by the hypothalamus, 40um-thick frontal sections through the region of the PT were made with a microslicer (Dosaka EM Co., Ltd. Japan). Sections were pretreated sequentially with 1) 0.01M sodium metaperiodate in phosphate buffered saline (PBS) for 20min, and PBS for 20min. 2) 1% sodium borohydride for 20min, and PBS for 20 min.
3) The sections were incubated in a mixed solution of 1% normal horse serum, 0.4% Triton-X in PBS (TNBS) for 2h at room temperature and 4) treated with rabbit anti-rat TSH serum diluted 1:15000 at 4t for 24h. 5) After washing with TNBS, sections were then reacted with goat anti-rabbit IgG (H-17, kindly supplied by Dr. WAKABAYASHI of the Hormone Assay Center in the Institute of Endocrinology) diluted to 1:5000 at 4t for 24h. 6) They were washed with TNBS, and then incubated with rabbit PAP (Dakopad, Denmark) diluted to 1:200 at room temperature for 1h. 7) Finally, the sections were exposed to Graham and Karnovsk's medium (0.02% 3-3'-diaminobenzidine-4HCl, 0.006% H2O2 in 0.05M tris buffer) for 5min. The TSH immuno-stained / immunoreaction. ME median eminence. x 550. c. Lateral side of the neck of the stalk (ST). TSH-like cells in the PT can be divided into: 1) spot cells without diffuse reaction (arrowheads), 2) spot cells with diffuse weak reaction (arrows), 3) cells with strong diffuse reaction (double arrowheads).
x 450. d. Rostral part of the PT showing spot cells (arrowheads). V blood vessel. x 740. e. Ventral surface of the PD connected to the PT. The PT cells in this region extending from the rostral PT to just under the PD also contain the spot-like regions intensely immunostained with anti-TSHf serum (arrowheads), and bordered with blood vessels (V). x 740. f. TSH cells in the PD diffusely stained throughout the cytoplasm (arrowheads). No spot-like stained cells were observed. x 740 tissue samples were trimmed, postfixed with 1% osmium tetroxide in 1/15M phosphate buffer with 7% sucrose for 1h at 4C, and dehydrated, and immersed in Epon-Araldite resin. For flat mounting, the sections in Epon-Araldite resin were put between tefron sheets, and heat polymerized. Appropriate immunostained ultrathin sections were observed without heavy metal staining.
RESULTS
Light microscopic observation
A mid-sagittal section of the hypothalamus showed the PT extending from the rostral part of the median eminence to the ventral surface of the PD (Fig. 1) . The TSH-like cells in the PT are localized throughout these areas forming two or three cell layers. The stratified cell layers of the PT are sharply separated from the ventral hypothalamus by blood vessels of the hypophysial portal system (Fig. 1a) . TSH-cells in the PD are mostly large, polygonal forms stained dark throughout the cytoplasm with the antiserum against TSH (Fig. 1f) .
On the other hand, TSH-like cells in the PT are round oval-shaped small cells, which can be classified into three types. The first type contains TSHimmunostained deposits concentrated to a paranuclear region, which probably corresponds to the Golgi area and is intensely stained like a spot (Fig. id, e) . For the sake of brevity we named these cells spot cells. The spot cells are numerous on both lateral sides at the neck of the pituitary stalk (Fig. 1c) . They are closely gathered to form a follicle-like structure in the rostral part of the PT (Fig. 1b) .
In addition to these spot cells, two other types of TSH-like cells were identified in the PT (Fig. 1c) . One was weakly but uniformly stained throughout the cytoplasm and there was a spot-like, stronger staining at the Golgi area. This type of TSH-like cell may also belong to the spot cells. In other words, two subtypes of spot cells are recognized due to the absence or presence of diffuse staining of the cytoplasm with the anti-TSH serum. Both subtypes of spot cells were never observed in the PD, indicating that they are specific to the PT. The other type of TSH-like cell was stained positively throughout the cytoplasm, but no spot-like staining was observed (Fig. lc) .
Electron microscopic observation
The cells in the PT are oval or round forms with a diameter of about 10-15pm. They generally contain a few large lysosomes, a relatively large number of mitochondria, well developed rough endoplasmic reticulum and Golgi cisternae surrounding a large number of microvesicles; these features suggest a hyperfunctional state of secretory cells (Fig. 2a) . Occasionally, some microvesicles seemed to be pinched off from the trans-Golgi network (Fig. 2a) . Many multivesicular bodies containing small round vesicles were recognized near the Golgi apparatus; they also showed immunoreactivity for TSH (Fig. 2b) . In spite of the well-developed Golgi apparatus localized in the paranuclear region, there are relatively few secretory granules (Fig. 2c) . Dark deposits indicating the immunoreactivity for TSH were found in the Golgi area, especially concentrated on the Golgi cisternae and microvesicles. A small number of dark dots were dispersed also in the cytoplasm, most of which appeared to correspond to the secretory granules (Fig. 2c) .
DISCUSSION
The immunoreactive TSH-cells in the PT of the intact male rat pituitary gland showed an intense spot-like immunoreaction in the paranuclear cytoplasm, and electron microscopic immunocytochemistry verified that this spot area corresponded to the Golgi apparatus and associated microvesicles. GROSS (1983) reported that TSH-like cells immunostained in their paranuclear region appeared in a long term hypophysectomized rat PT, and suggested that hypophysectomy may have resulted in the enhanced synthesis of TSH in the Golgi apparatus and depletion of TSH from the cytoplasm, thus causing intense reaction deposits concentrated in the paranuclear region. Although our materials were normal untreated rats, our electron microscopic immunocytochemistry revealed that the TSH-like cells in the PT contain a well-developed Golgi apparatus and a large number of microvesicles, while the secretory granules were conspicuously few in number; the TSH immunoreactivity was concentrated on the Golgi apparatus, corresponding to the spot-like staining of the cell. A well developed Golgi apparatus in the spot cells strongly suggests that hormone synthesis is stimulated in these cells.
We therefore agree with GROSS that the spot-like stainability of the cells in PT reflects a hyperfunctional state, and we suppose that some of the PT cells are hyperfunctional even in the normal rat. This hypothesis is supported by BAKER and YU (1971) , who demonstrated that only the enlarged Golgi apparatus and a few scattered cytoplasmic granules appeared in the TSH-cells in the PD long after thyroidectomy, suggesting that the TSH-cells may generally be in a hyperfunctional state.
The spot cells which are thought to be a hyperfunctional TSH-like cells contain a well developed Golgi apparatus and microvesicles, though secretory granules are few. This finding suggests that the microvesicles, which are immunoreactive to anti-TSH serum, may be one of the vehicles for secretory material in this cell.
Recent studies by means of an in vitro autoradiography technique have shown that melatonin binds only to the PT but not to the PD in some species (VENECEK et al., 1987; VENECEK, 1988; WILLIAMS and MORGAN, 1988; WILLIAMS, 1989; WEAVER et al., 1989 , MORGAN et al., 1989 WEAVER and REPPERT, 1990; STANKOV and REITER, 1990 ). Furthermore, exposure over a long photoperiod caused the appearance of TSH-like cells in the PT of Djungraian hamster, whereas TSH-like cells were absent in a short photoperiod, while photoperiodism had no effect on TSH cells in the PD (WITTKOWSKI et al., 1984) . These results indicate that changes in the melatonin level may regulate the TSH-like cells in the the PT. These differences between TSH-immunoreactive cells in the PT and PD may be due to the fact that PT cells are controlled by a regulatory mechanism different from that controlling PD cells. Though the cell type showing signs of melatonin binding in the PT is still unknown, the TSH-like cells located exclusively in the PT are likely candidates. More investigations are needed to clarify the relationship between TSH-like cells in the PT and melatonin.
